The term "theranostics" characterizes a particular combination of the coupled use of a drug therapy with a diagnostic test (called "companion diagnostics"). The diagnostic test marks out the technical means used to identify a biomarker which allows for adjusting the use of the new drug. Theranostics promise a significant step forward for the use of personalized medicine, better tailored for patients in terms of efficacy and tolerance. The development process of theranostics is complex since it requires a proper phasing from development to reimbursement, through a collaborative and controlled approach. The task force's recommendations should form the basis for reflection and action amongst the different players in the field of the development of theranostics. All stages of the system meeting heterogeneous and asynchronous rules should be harmonized to allow for simultaneous availability of, and access to the drug and test. Nevertheless, it is necessary to simplify the regulations to enable a better adaptation of theranostics to the speed of innovation.
Theranostics
The term "theranostics" characterizes a particular combination of the coupled use of a drug therapy together with a diagnostic test (occasionally called "companion diagnostics").
To be more specific, the diagnostic test marks out the technical mean used to identify a biomarker. According to the definition put forward by the National Institute of Health, a biomarker is "a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacological responses to a therapeutic intervention". [1] The result of the diagnostic test allows for adjusting the use of the new drug according to three modalities:
-selection of a specific target population. It will be made up of patients whose response to the biomarker allows assuming
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that their tolerance and/or their response to the new drug will be good; -determination of the dosage of the new drug particular for an individual; -monitoring and controlling the specific response of the patient to the retained treatment.
Theranostics give new insight in a more targeted and individualized application of new treatments.
Theranostics can be distinguished from the classical combination of a drug and a diagnostic test (for example, the couple: measurement of glycaemia and prescription of an anti-diabetic drug) by at least two facts:
-the simultaneous and integrated development of the new diagnostic test together with the new drug that can be tailored accordingly, -market authorization should account for the coupled combination of the diagnostic test together with the new drug.
Article published by EDP Sciences There is however one exception to the latter proposal. In some cases, a new diagnostic test for a new biomarker might indeed still be developed after the marketing authorization has been granted for the associated drug.
Examples
The theranostic strategy can be illustrated at the hand of 2 examples of a "couple" composed of a drug and its companion test.
Treatment targeting the HER2 receptor (trastuzumab, lapatinib)
HER2 belongs to the family of "Human Epidermal Receptors" (HER). It is an important regulation factor for the growth and differentiation of normal cells. Around 15% of breast cancers are associated with an over-expression of HER2 which is assessed through immunohistochemistry (IHC) (over-expression rated "+3"), and/or gene amplification using in situ hybridation either by fluorescence (FISH) or chromogene (CISH). Patients with breast cancers overexpressing HER2 have a worse prognosis than patients who do not overexpress the gene; the risk of relapse is increased and the overall survival time is shorter. Trastuzumab (Herceptin ) is a humanized monoclonal antibody that binds specifically to the extracellular domain of the protein HER2. This antibody was developed for the treatment of metastatic breast cancer -and randomized clinical trials have demonstrated both its efficacy in terms of survival and good tolerance. [2] [3] [4] It has also been shown in case of adjuvant therapy for breast cancer, when trastuzumab was administered alone or in combination with various chemotherapy regimens. [5] Only patients over-expressing HER2 (score +3 in IHC) or with an amplification of the gene (FISH/CISH+), are eligible for trastuzumab therapy. In case of a tumor presenting with an IHC score of +2, a FISH or CISH is needed as a complement to assess whether the patient can indeed receive trastuzumab. In these cases, the antibody will be prescribed only if amplification is present. The breast cancer treatment algorithm based on trastuzumab will thus depend on the overexpression of HER2 oncogene assessed either by IHC (hyperexpression of the protein on the membrane), or by FISH (or CISH) (amplification of the oncogene HER2) [figure 1] in order to favour a therapy targeting HER2 receptors (e.g. treatment with trastuzumab with adjuvant therapy). The IHC technique is the most widely spread screening method for detecting an overexpression of HER2, because on the one hand it is the least expensive, and on the other hand, in France, it is presently the only technique which allows reimbursement from the NHS. For the test to be reliable, it must be calibrated according to the FISH or CISH technique. In France, under the aegis of the study group for immune-histochemical prognostic factors in breast cancer (GEFPICS), a quality control protocol ("FISH 2002") was designed to analyze the concordance of IHC and FISH in a large number of metastatic primitive breast tumors (n=1500) by French pathological units. The main outcome of this study was to evaluate the concordance between the IHC and FISH techniques. It also aimed at demonstrating the impact of calibrating the IHC technique on the results of the FISH technique. In addition, a quality assurance policy has been set up with technical testing and interpretation developed by the French Association for Quality Assurance in Pathology (AFAQAP) and through workshops. [6] The recent approval of lapatinib is another example of identification of a very specific target population (Lapatinib Procedure N˚. EMEA/H/C/795 Doc.Ref.: EMEA/302222/2008).
Cetuximab and test evaluating the oncogenic KRAS mutation status
Cetuximab just obtained a marketing authorization as firstline therapy for colorectal cancer depending on the KRAS gene mutation status. The following is written in the new summary of product characteristics (SPC) of cetuximab: ". . . .Erbitux is indicated for the treatment of patients with metastatic colorectal cancer expressing a wild-type KRAS gene associated with the epidermal growth factor receptor (EGFR), either in combination with chemotherapy, or as monotherapy after failure of a treatment composed of oxaliplatin and irinotecan, or in case of intolerance to irinotecan, . . . ". In fact, only the subset of patients who do not reveal the mutation of KRAS gene is likely to benefit from a treatment with cetuximab, since the mutation confers a very specific resistance to cetuximab. [7] Cetuximab has already been launched on the market when the identification of KRAS gene mutations was discovered as a marker of resistance to anti-EGFR antibody. [8] At first the European authorities accepted the test since the panitumumab pivotal study demonstrated that this test had a significant positive predictive value for the effectiveness of the drug as third-line monotherapy. [9] After this initial work, the test has been imposed and thereafter it demonstrated its interest as first-line therapy. [10] The market authorization of cetuximab has been modified for all the therapeutic lines afterwards. The detection of KRAS gene mutations is based on a PCR (Polymerase Chain Reaction) reaction and on the identification of various mutations by means of sequencing, micro-sequencing, or allelic discrimination.
The importance of KRAS mutation as predictive factor of the response to cetuximab has been demonstrated in a recent article. [11] An analysis of KRAS mutation and its association with the survival rate was performed on a sample of 394 metastatic colorectal tumors obtained from 572 patients (68.9%) who were randomized to receive either cetuximab combined with the best supportive care, or the best supportive care alone. KRAS mutation status (42.3% of cases) was negatively correlated to the efficacy of cetuximab either for the interaction of KRAS mutation with the overall survival (P=0.01) or on progression-free survival (P<0.001), respectively. Patients with a tumour bearing wild-type KRAS mutation benefited significantly from treatment with cetuximab for both overall survival (median 9.5 vs. 4.8 months, P<0.001) and progression-free survival (median 3.7 months vs. 1.9 months, P<0.001), whereas patients with tumour bearing KRAS mutation did not benefit from cetuximab therapy. KRAS mutation did not appear to confer a worse prognosis in terms of overall survival in the group of patients treated by supportive care alone. This publication highlights the need to use a diagnostic test in all patients presenting with a metastatic colon cancer. This test will assess a biomarker (KRAS mutation) in a standardized and validated way in order to select the subset of patients bearing the KRAS mutation (42%) who will not benefit from cetuximab. [12] 2.3. Dosage-adjustment according to serum concentration levels of the medication (pharmacological treatment monitoring)
One benefit of therapeutic targeting is the opportunity for tailored individual dosage adjustment. Tyrosine kinase inhibitors are concerned since it was demonstrated that the therapeutic response to imatinib in patients with chronic myeloid leukaemia was influenced by the serum concentrations of the medication. [13, 14] Similarly, the serum antibody concentrations have an influence on the efficacy, as is demonstrated in patients with malignant non-Hodgkin's lymphoma treated with rituximab. [15, 16] However, there are still no recommendations for individual dosage adjustment based on blood levels.
Predictive factors of side effects
Diagnostic tests should also play a role in identifying patients at risk of side effects. A recent study demonstrated that hypersensitivity reactions noted in 3% of patients treated with cetuximab (an antibody anti-EGFR), might be linked, in some patients, to the pre-existence of IgE (immunoglobulin) oriented against a certain sugar present in this biodrug. [17] The potential interest of searching for these IgE's (anti-α-gal antibodies) prior to starting this monoclonal antibody would be worth investigating.
Recommendations

Synchronising the development: diagnostic test and drug
The relevance of the diagnostic test appears at various stages in the development of the drug as illustrated on figure 2.
The task force reports a lack of synchronization in the assessment and timely disposal of the couple "diagnostic test and drug": a lack of synchronization between the development of the drug and the diagnostic test (the procedures for the drug are usually faster); management by distinct regulatory bodies for marketing and for reimbursement requirements in the community.
The development procedures for the "test-drug" combination should be well structured from the outset and validated as early as possible. It is advised to perform a double analytical and clinical validation of the diagnostic test (nota bene: these recommendations should be transposable to an in vivo measure -e.g. functional imaging techniques). Evaluation of the "test/drug" couple should be encouraged in a prospective rather than a deferred way. One of the challenges of such a combination of test and drug, derives from the fact that it might require only a simple and single test on the one hand but also possibly a combination of multiple tests (for example a set of gene biomarkers) on the other hand. Any such tests could be either invasive or not (e.g., biopsy or blood samples) and should refer to specific regulations rather than to distinct ones as it is presently the case. Moreover, the simultaneous development of both test and drug typically requires a coupling with back and forth technical and knowledge processes that reflect the complexity of the implementation.
The qualification processes of a biomarker should be followed within this framework and according to the guidelines of the European Medicines Agency (EMEA) [in final stages].
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Fig. 2.
The various stages in the development of a drug combined with that of a biomarker (adapted from [7] ).
Whether the development of a test is industrial or not and according to the status of intellectual property, several measures are recommended thereafter:
-promote good practices for the analytical development; -promulgate recommendations for validation/qualification of the technique used to measure the biomarker; -obtain the scientific input of regulatory agencies (EMEA, Afssaps) on the pertinence and scientific relevance of the upstream biomarker development of the couple "test/drug"; -promote the access to and the use of biological samples from clinical, academical and/or industrial studies; -and encourage a coupling with the clinical data.
Therefore, a legal framework is required. The roundtable discussion N • 7 of the XXIV Giens meeting focused on this point.
It is also necessary to promote studies by academics for proof of concept, possibly in coordination with industry, in order to validate new biomarkers applicable to drugs already on the market (office of National Research Agency, "Programme Hospitalier de Recherche Clinique", Institut National du Cancer, INSERM, and the Directorate of Hospitalisation and Organisation of Healthcare).
Methodological bottlenecks will have to be removed concerning the assessment of biomarkers for target populations of restricted size and for post marketing studies. [18] Development efforts of theranostics might enhance its value especially in case of improved efficacy or better tolerance in a target population (e.g., through the Improvement of Medical Services Rendered).
Finally, it should involve patients implicated in the search of biomarkers, particularly for the evaluation of niche indications (such as for orphan drugs).
The task force makes recommendations to allow synchronization being easier at all stages of the development of the couple "drug-diagnostic test", and to allow their disposal simultaneously.
Recommendation for analytical validation of the test and metrological aspects
We will neither revisit the good practice of analytical development, nor re-examine the implementation of recommendations for validating and qualifying the technique of measure of a biomarker as mentioned above. Of note, in the future, diagnostic tests will rely increasingly on innovative technologies that are evolving continuously, whether based on genetics (SNP's), transcriptomics (multiplex RT PCR), proteomics (Elisa), or imaging.
We recommend a pre-analytical validation and standardization of the biological resource and to follow either the European best practice guidelines or the current recommendations for diagnostic tests according to their type be it genetics, imaging, pharmacokinetics or pathology.
It is necessary to define validation criteria for the innovative tests.
In case a diagnostic test has an identified "ownership" without any kit available on the market, it is recommended that the technical properties of the test be published, according to the EC marking instructions.
Authorization process for the couple drug+test
The group recommends that a new regulatory process is put into action for the couple "drug+test" with a coupled marketing authorization and homologation (EC marking), and to initiate a synchronized procedure for market entry in order to provide a joint disposal of both the drug and its companion test. All actors should be accountable for this objective. On applying for marketing approval for the drug, 3 possible scenarii were identified for the diagnostic test: either the commercial test is already on the market (EC marking), or the test owned by an industrial is not yet on the market, or it is an in-house test and not subject to EC marking.
The recommendations for the couple "drug -diagnostic test" are as follows:
-the marketing authorization form of the drug should mention the characteristics of the test, its validity and the scientific proof of its relevance; -should the test be marketed for the targeted indication, it should be EC marked and it should it be clearly defined in the Summary of Product Characteristics (SPC) and should be mentioned in the clinical dossier prepared for the process of approval; -provision of a service for a test designed in industry but not available on the market might occur. It corresponds to the implementation of a test not available on the market but which should nevertheless be consistent with the CE Marking Directive, or be treated as a medical biological activity.
Recommendations for a joint process of refunding
The process to place a biological (or pathological) procedure on the reimbursement list is a long and complex one ( figure 3) .
The application process for a new procedure that has to be evaluated by the French National Authority for Health (HAS) is long and can last up to a year -6 months plus an additional period of 6 months or more when complementary information is needed. Once at the HAS, the evaluation of the rendered medical services of the drug is submitted to the Transparency Commission on the one hand, and on the other hand the evaluation of the expected medical services of the test is submitted to the Evaluation Commission for Professional Activities. We recommend that the application is submitted simultaneously to both Commissions in order to shorten the assessment period.
It is necessary that the application process for reimbursement should be simplified to allow similar times for assessment to ensure a simultaneous release on the market, and product availability on a large front.
We are in favour of an amendment of the wording in the social security context to assure a simplification of the registration process for reimbursement of tests.
At the same time we propose that a specific budget for innovative tests is taken into consideration in anticipation of the inscription in the nomenclature of the test. Article 51 of 2009 addressing the law on social security funding introduces a possibility of financial support for innovative actions through earmark funding ("Missions d'Intérêt Général et d'Aide à la Contractualisation", MIGAC).
Recommendations on reporting on the couple "drug
and test " and on quality assurance
Spreading of information on the product (drug-test) and training consultants and medical technologists would be an important aspect to achieve. It could be done through a national programme based on quality assurance together with the centres of reference associated with the definition of accreditation criteria for the reference platforms and the laboratories that will actually perform the tests. This will necessitate a process of assembling the responsible people from the pharmaceutical industry with the academicals and institutional worlds. The respective roles remain to be defined within the translational research that links basic research to clinical research (figure 4).
It is important to promote the supply of information as well as the training of consultants so that professionals be appropriately informed and respectful of the indications of prescribing the couple test/drug.
When a new combination of test/drug reaches the market, an organization capable of performing the tests respecting conditions of high quality for all involved patients, should be in place beforehand. Depending on the number of tests per year and depending on the technical and specialized skills required to perform them, reference platforms might be implicated, the accreditation criteria of which will require to be defined.
It is further necessary that the use of the tests and preparation of the samples should be harmonized. This can be achieved through a national programme of quality assurance in cooperation with reference centres or the laboratories responsible for performing the actual tests. On this level it will be necessary to train medico-technical personnel.
This all requires a coordinated effort from the pharmaceutical industry and the academicals and institutional worlds. Each one's role is still to be defined.
Finally, it is necessary to ensure an effective transfer of technology between the laboratory using a given test and its extension to a widespread audience.
Conclusion
Theranostics promise a significant step forward for the use of more personalized medicine, better tailored for patients in terms of efficacy and tolerance. However, the development process of theranostics is complex. It is particularly important to ensure a proper phasing of all stages from development to reimbursement, through a collaborative and controlled approach.
The task force's recommendations should form the basis for reflection and action amongst the different players in the field of the development of theranostics.
As a matter of fact, all stages of the system meeting the heterogeneous and asynchronous rules should be harmonized to allow for simultaneous availability of and access to the drug and test.
Nevertheless, it is necessary to simplify the regulations to enable a better adaptation of theranostics to the speed of innovation.
